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Monopropellant Propulsion 


AEROJE TA 
ROCKETDYNE 


> 17,000 flight monopropellant thrusters delivered 


| MR-107 60 Ibf REA MR-104 100 Ibf REA 


Aerojet Rocketdyne produces monopropellant rocket engines 
with thrust ranges from 0.02 Ibf to 600 Ibf 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


P. 
AEROJET HÅ 
ROCKETDYNE 


' 


MR-106 5.0 Ibf REA 


MR-80 700 
lof REA 


MR-401 0.09 N (0.02 Ibf) Rocket Engine Assembly AEROJETA 


ROCKETDYNE 
232.727 mm 
| | 9.16” | | | 
ERE 
EU — 55.800 mm 
å AMIA TEA "Las 

Design Characteristics Performance 
A AA Hydrazine * Specific Impulse, steady state....... 180 - 184 sec (Ibf-sec/lbm) 
= GAY EE S-405 * Specific Impulse, cumulative......... 1 50-177 sec (Ibf-sec/lom) 
* Thrust/Steady State........... 0.07 — 0.09 N (0.016 - 0.020 Ibf) * Total Impulse... ube maassa 199,693 N-sec (44,893 Ibf-sec) 
e FeedPressure.................. 14.8 — 18.6 bar (215 - 270 psia) e Total SGitartslbulses ee 5,960 
* Flow Rate......... 154.2 — 181.4 g/hr (0.34 — 0.40 lbm/hr)  * Min Impulse Bit............. 4.0 N-sec O 14.8 bar & 60 sec ON 
Eege Ee Dual Seat ninia iia (0.9 Ibf-sec O 215 psia 8 60 sec ON) 
+ Valve POWST aa asansè 8.25 Watts Max O 28 Vdc & 21°C * Steady State Firing................... 0-900sec Single Firing 
e Valve Heater Power....... 1.9 Watts Max 92982 720hrs | Cumulative 
* Cat. Bed Heater Pwr...... 1.8 Watts Max O 28 Vdc &21*C Status 
*. IMSS rr sa 0.60 kg (1.32 Ibm) * Flight Proven 

EIU NOT 0.33 kg (0.74 Ibm) e Currently in Production 

EV EE edi 0.20 kg (0.44 Ibm) Reference 

EE 0.065 kg (0.14 lbm) — 4 ANNAL 


e JANNAF, 2011, paper 2225 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


MR-103G 1N (0.2 Ibf) Rocket Engine Assembly AEROJETA 


ROCKETDYNE 


i ian 
— NG E 
P/N 34308-303 E 
¡CD 34309 ad Saal ! 
n | INTERFACE | 
dë mm |- MAX | d | 
E eee sem vs sn SE 
Design Characteristics Performance 
E AA et nE Hydrazine * Specific Impulse 224 - 202 sec (Ibf-sec/lbm) 
e EN EE EE S-405 * Total Impulse.......... 97,078 N-sec (21,825 Ibf-sec) 
*  Thrust/Steady State........... 1.13 - 0.19 N (0.253 - 0.043 Ibf) Sr: Total Pulse: nr 835,017 
e Feed Pressure.................. 28.3 - 4.8 bar (420 - 70 psia) * Min Impulse Bit............. 0.0133 N-sec O 6.9 bar & 15 ms ON 
* Chamber Pressure............... 23.8 - 4.5 bar (345-65 psia) .  ........................... (0.003 Ibf-sec @ 100 psia & 15 ms ON) 
e ARA 100:1 * Steady State Firing............ 300 & 1,000sec Single Firing 
* Flow Rate......... 0.5 - 0.09 g/sec (0.0011 - 0.0002 Ibm/sec) .  .......eeeeeeneR 23.8 — 40.6 hrs Cumulative 
Pe A VO si ate fò li nä Nam e Dual Seat Status 
* Valve Power................. 8.25 Watts Max @ 28 Vdc & 21°C * Flight Proven 
e Valve Heater Power....... 1.54 Watts Max @ 28 Vdc & 21°C * Currently in Production; Transitioning to MR-103J 
* Cat Bed Heater Pwr...... 6.32 Watts Max O 28 Vdc & 21*C Reference 
dE RT 0.33 kg (0.731bm) ^ e AJAA.2005-3952 
GING MOM em eee 0.13 kg (0.24 Ibm) 
Ducum — — — 0.20 kg (0.44 Ibm) 
i-o ———— kaat 0.033 kg (0.14 Ibm) 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


MR-103J 1N (0.2 Ibf) Rocket Engine Assembly AEROJETA 


ROCKETDYNE 


MOUNTING 


INTERFACE 
(3485) (235 
445 MA 

Design Characteristics Performance 
© ole eegene deeg r ror À Hydrazine * Specific Impulse 224 - 202 sec (Ibf-sec/lbm) 
dit c EE S-405 * Total Impulse... 183,000 N-sec (41,000 Ibf-sec) 
* Thrust/Steady State........... 1.13 - 0.19 N (0.253 - 0.043 Ibf) * Total PUISÈS TE .1,002,345 
* Feed Pressure.................. 28.3 - 4.8 bar (420 - 70 psia) * Min Impulse Bit............. 0.0133 N-sec O 6.9 bar & 15 ms ON 
* Chamber Pressure............... 23.8 - 4.5 bar (345 - 65 psia)  ............................. (0.003 Ibf-sec @ 100 psia & 15 ms ON) 
Expansion Ral EE 100:1 * Steady State Firing...................... 3,600 sec Single Firing 
* Flow Rate......... 0.5 - 0.09 g/sec (0.0011 - 0.0002 Ibm/sec) ` EE 84hrs Cumulative 
wë EE Dual Seat Status 
e Valve POwer............... .. 8.25 Watts Max @ 28 Vdc & 21°C * Qualified; First Flight in 2020 
* Valve Heater Power....... 1.54 Watts Max @ 28 Vdc & 21°C * Currently in Production 
* Cat. Bed Heater Pwr...... 6.32 Watts Max O 28 Vdc & 21°C Reference 
d o T 0.37 kg (0.82 Ibm) © AIAA.2016-4980 

REESEN 0.11 kg (0.24 Ibm) 

WK EE 0.20 kg (0.44 Ibm) 

EEE 0.065 kg (0.14 Ibm) 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


MR-111G 4N (1.0 Ibf) Rocket Engine Assembly AEROJETA 


ROCKETDYNE 
| 4.50” 3.18” | 
IW mm 
0.76” 


Mounting Interface 


Design Characteristics Performance 

* Propolita. cnica Hydrazine * Specific Impulse......................... 229 - 219 sec (Ibf-sec/lbm) 
uec EE S-405 * Total IMpulse...................... 262,000 N-sec (59,000 Ibf-sec) 
*  Thrust/Steady State.................... 4.9-1.8N (1.1 - 0.4 Ibf) di^ 1 ————— 420,000 
e Feed Pressure.................. 24.1 - 6.7 bar (350 - 100 psia) * Min Impulse Bit............. 0.076 N-sec (9 15.5 bar & 20 ms ON 
* Chamber Pressure............... 10.0 - 3.7 bar (145 - 54 psia) ¡A T (0.017 Ibf-sec @ 225 psia 8 20 ms ON) 
* Expansion RANÒ. —— 74:1 * Steady State Firing..... 10,000 sec demonstrated - Single Firing 
* Flow Rate......... 2.0 - 0.77 g/sec (0.0044 - 0.0017 lbm/sec) Status 

elle EE Dual Seat * Flight Proven 

e Valve Power................. 8.25 Watts Max @ 28 Vdc & 21°C * Currently in Production 


* Valve Heater Power... 1.54 Watts Max @ 28 Vdc & 21°C Reference 
e Cat. Bed Heater Power....6.32 Watts Max O 28 Vdc & 21°C e AIAA-2012-3817 


> CT 0.37 kg (0.82 Ibm) 
PRO Nucia 0.11 kg (0.24 Ibm) 
WN E 0.20 kg (0.44 Ibm) 
EEE ER 0.065 kg (0.14 Ibm) 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


MR-106L 22N (5.0 Ibf) Rocket Engine Assembly AEROJET Å 


ROCKETDYNE 


me : == 

P/N 35258-301 | | 

B : Sak == 

10035308 = (1.35" DIA) 
Design Characteristics Performance 
MEE E Hydrazine * Specific Impulse 235 - 228 sec (Ibf-sec/Ibm) 
JE o oom S-405/LCH-202 * Total Impulse................... 561,388 N-sec (126,205 Ibf-sec) 
* ThrustSteady State..................... 34 - 10 N (7.7 - 2.3 Ibf)* * “Total PUSES. rcr 120,511 
e Feed Pressure.................. 27.6 - 5.9 bar (400 - 85 psia) * Min Impulse Bit............. 0.015 N-sec O 5.9 bar & 16 ms ON 
* Chamber Pressure............... 13.4 — 3.8 bar (195 — 56 psia) .  ....................... (0.034 Ibf-sec @ 85 psia & 16 ms ON) 
* Expansion Ballo. uuo ci 60:1 * Steady State Firing........................... 4,000sec Single Firing 
* Flow Rate......... 14.0 — 4.1 g/sec (0.031 - 0.009 Ibm/sec) Status 
wl ennen eder e bete Oecum bed cuins Dual Seat e Flight Proven 
* Valve Power.................. 25.1 Watts Max @ 28 Vdc & 21°C e Currently in Production 


* Valve Heater Power....... 4.00 Watts Max @ 28 Vdc & 21°C Reference 
ké Cat. Bed Heater Pwr...... 7.06 Watts Max O 28 Vdc & 21*C o AIAA-2005-3954 
AAA RT 0.59 kg (1.14 lom) Nom 


* Note: thrust levels up to 9lbf have been qualified and flown 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


MR-107T 110N (25 Ibf) Rocket Engine Assembly 


Design Characteristics 


e GE E Hydrazine 
EE AAV emo S-405/LCH-202 
* Thrust/Steady State..................... 125 - 54 N (28 - 12 Ibf) 
e Feed PresSUre....................... 35 - 7 bar (500 - 100 psia) 
e Chamber Pressure.................... 4.7 — 1.8 bar (69 - 26 psia) 
* Expansion Ballo. socios bel 21.5:1 
* Flow Rate......... 55.8 — 22.7 g/sec (0.125 - 0.05 Ibm/sec) 
EV Single Seat 
* Valve Power................. 34.8 Watts Max @ 28 Vdc & 20°C 
e — Valve Heater Power....... . 4.0 Watts Max @ 28 Vdc & 21°C 
* Cat. Bed Heater Pwr...... 13.2 Watts Max O 28 Vdc & 21°C 
* EE panter mos a oan POI 1.01 kg (2.23 Ibm) 
A 0.67 kg (1.48 Ibm) 
VE 0.34 kg (0.75 Ibm) 
Heat T —— 0.065 kg (0.14 Ibm) 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


AEROJE TÄ 


ROCKET DYNE 
9.5 mm 
82.83 mm = ET (0.375") DIA 
(3.267) 
n = 
42.01 mm 
evi 
P/N 36399 ine 
79.17 mm 
(3.12”) MOUNTING 
STRUCTURE 77.93 mm 
(3.07) 
fe 66.04 mm (2.60”) DIA. 
Performance 


è Specific IMPUISS:.sasoaa saamaansa 222 - 225 sec (Ibf-sec/lbm) 
* Total Impulse...................... 162,360 N-sec (36,500 Ibf-sec) 


e Total PUSES mne 36,500 
e Min Impulse Bit............. 0.015 N-sec O 5.9 bar & 16 ms ON 
O Eppo (0.034 Ibf-sec @ 85 psia & 16 ms ON) 


100 sec O 125 N (28 Ibf) 
100 sec O 54N (12 Ibf) 


Status 

* Flight Proven 

* Currently in Production 
Reference 

* AIAA-2012-3817 


MR-107S 275N (60 Ibf) Rocket Engine Assembly AEROJETA 


ROCKETDYNE 


Bi oc mm (0.54") 
pe jer 
EE nn TS. ji (1.395) 
P/N 36402 — IE] 
| Le 52.83 mm (2.08") cxli. 
MOUNTING STRUCTURE 1 
(6.257) 
"0.088 mm (0-78 (00) x 0.006 mm (0.257) WALL 

Design Characteristics Performance 
EE Voc cae Hydrazine * Specific Impulse......................... 225 - 236 sec (Ibf-sec/lbm) 
WEE nU); paknos pa nidite S-405/LCH-202 *  TotallImpulse............ eee 337,620 N-sec (75,900 Ibf-sec) 
*  Thrust/Steady State..................... 360 - 85 N (81 - 19 Ibf) * TOU PWISÈS s kek saaa Nerds 30,300 
e Feed Pressure....................... 35 - 7 bar (500 - 100 psia) * Min Impulse Bit............. 0.015 N-sec (9 5.9 bar & 16 ms ON 
e Chamber Pressure.................... 14-4bar(197-45psia) . . ............ees (0.034 Ibf-sec O 85 psia & 16 ms ON) 
© Expansion Hate, sanaa center rn pines 21.511 * Steady State Firing........................... 41 sec O 360 N (81 Ibf) 
e Flow Rate......... 154.7 — 36.3 g/sec (0.341 - 0.08 meer) ` seen nens 30 sec (0 285 N (64 Ibf) 
e VAN Single Seat EE 100 sec @ 236 N (53 Ibf) 
* Valve Power................- 34.8 Watts Max @ 28 Vdc & 20°C Status 
* Valve Heater Power....... . 4.0 Watts Max @ 28 Vdc & 21°C * Flight Proven 
* Cat. Bed Heater Pwr...... 13.2 Watts Max O 28 Vdc & 21*C *  Ourrently in Production 
TEEN 1.01 kg (2.23 Ibm) Reference 

ENG ING ata kapitèn lik masa aka saan seg 0.67 kg (1.48 lbm) e  AIAA-2012-3817 

Va c ————— — 0.34 kg (0.75 Ibm) 

PIS ALONG: MOERS 0.065 kg (0.14 Ibm) 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


MR-107U 300N (68 Ibf) Rocket Engine Assembly AEROJETA 


ROCKETDYNE 


Design Characteristics Performance 
=: orum Hydrazine * Specific Impulse......................... 229 - 223 sec (Ibf-sec/lbm) 
dE o comer S-405/LCH-202 * Total Impulse...................... 102,691 N-sec (23,086 Ibf-sec) 
* ThrustSteady State..................... 307 - 182 N (69 - 41 Ibf) EE Eu! Sören sreeiner animeserien nde zie kant åa arter 4,412 
e Feed Pressure.................. 52.4 — 20.6 bar (760 - 300 psia) * Min Impulse Bit............. 0.015 N-sec O 5.9 bar & 16 ms ON 
* Chamber Pressure................. 8.4—2.6 bar (122 -38psia) . ...............s (0.034 Ibf-sec @ 85 psia 8 16 ms ON) 
* Expansion Halio.......... eerte amanda ans nn 21.5:1 * Steady State FirinQ........................... 100 sec @ 111 N (25 Ibf) 
e Flow Rate............. 98 — 31 g/sec (0.216 - 0.07 Ibm/sec) Status 
WES A E Single Seat e Flight Proven 
TR 34.8 Watts Max @ 28 Vdc & 20°C e Currently in Production 
* Valve Heater Power....... . 4.0 Watts Max @ 28 Vdc & 21°C Reference 
* Cat. Bed Heater Pwr...... 13.2 Watts Max @ 28 Vdc & 21°C e AIAA-2012-3817 
= MASS oem 1.38 kg (3.06 Ibm) 

ENJING: oo kaa e ete rt terre ere 1.16 kg (2.56 Ibm) 

Ve enn 0.22 kg (0.50 Ibm) Note: ICD Available Upon Request 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


MR-107V 300N (68 Ibf) Rocket Engine Assembly AEROJETA 


ROCKETDYNE 


35 - ET 9.5 mm 
mm (0.375") DIA. 
(3.26) 


P/N 36399 L 


MOUNTING 


STRUCTURE 77.93 mm 
(3.07) 
je— —— H 66.04 mm (2.60") DIA. 
Design Characteristics Furene 
E Pr EEN Hydrazine AR 
" e K håpe * Specific Impulse......................... 229 - 223 sec (lbf-sec/lbm) 
————— ETTA E : i 
*  Thrust/Steady State................... 220-67N(49.5-151bf) — . GE = = a L 
. UN DT 
e Feed Pressure....................... 26 — 5.5 bar (377 - 80 psia) UH ' 
* Chamber Pressure................. 8.4 — 2.6 bar (122 — 38 psia) ad (0 pa EE APA in 
| . SE L re : -Sec psia ms 
* ¡Expansion Ral ee 21.5:1 
N , 

e Flow Hate 98 — 31 g/sec (0.216 - 0.07 Ibm/sec) Steady State Firing........................... 100 sec O 111 N (25 Ibf) 
EE EE Single Seat Status 
* Valve Power.................. 34.8 Watts Max @ 28 Vdc & 20 * Flight Proven ` ` 
e — Valve Heater Power....... . 4.0 Watts Max @ 28 Vdc & 21°C * Currently in Production 
e Cat. Bed Heater Pwr...... 13.2 Watts Max @ 28 Vdc & 21°C Reference 
TM 1.01 kg (2.23 Ibm) * AIAA-2012-3817 

A n a aa 0.67 kg (1.48 Ibm) 

VE 0.34 kg (0.75 Ibm) 

PIG EE 0.065 kg (0.14 Ibm) 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


Design Characteristics 


Propellant PERCENT Cd Hydrazine 
(ANA YS ——————— S405/LCH-202 
Thrust/Steady State....... 554.2 — 201.0 N (124.6 — 45.2 Ibf)* 
Feed Pressure............ sess 28.9 — 6.9 bar (420 — 100psia) 
Chamber Pressure............... 10.7 — 3.9 bar (155 — 56 psia) 
Expansion HRato nna enenn eener renr rrrrrrrrrrrrrrrrr rrn 54:1 
Flow Rate............. 249.5 — 90.8g/sec (0.55 — 0.20 Ibm/sec) 
nn E ATSE aA Dual Seat 
Valve Power... 52 Watts @ 28 Vdc & 21°C 
Cat. Bed Heater Pwr............ 8.1 Watts/el @ 28 Vdc & 21°C 
Weight oso ata ti ya tase nan reste eten at SR e ch 2.40 kg (5.3 Ibm) 
A € 1.40 kg (3.1 Ibm) 
MAING scwcd —————— 1.00 kg (2.2 bm 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


MR-104H 510N (115 Ibf ) Rocket Engine Assembly AEROJET A 


ROCKETDYNE 


— W 

$5.05 

INTERFACE. PLANE 1 —L 

5.87 13.11 MAX | 
* Performance 

e Specific Impulse......................... 237 — 223 sec (Ibf-sec/Ibm) 
* Total Impulse..................... 854,000 N-sec (192,000 Ibf-sec) 
EIC CU saat ta Ed ESA EEN EE bn haa de 6,520 
e Minimum Impulse Bit......... 8.23 N-sec @ 24 bar & 22 ms ON 
side ka eks ka kk odes (1.85 Ibf-sec @ 350 psia 8 22ms ON) 
* Steady State Firing....................... 2,011 sec — Single Firing 


RER OA CHE SINNE MINÄ he e 2,654 sec — Cumulative 
Status 
* Flight Proven 
* Currently in Production 


“Note: Thrust levels up to 200Ibf have been demonstrated. 


Photo: optional right angle thruster shown with 24:1 expansion ratio nozzle 


MR-104J 440N (100 Ibf) Rocket Engine Assembly AEROJETA 


ROCKETDYNE 


16.4 inches 


6 inches | : 30.4° 


20.5 inches 


D H H OLEG 
Design Characteristics Key Capabilities 


wl Ge Hydrazine 
: <. S405 ncs 202 * Thermally isolated valve 
wnhhunmassuumasnuasuuuuasuuuasuuuseussusunassuauasstutuass E P F T h e | h f å x | 
e Thrust/Steady State...................... 614 — 440 N (138-99 Ibf)** i SESCH 
e Feed Pressure.......................... 28.2 — 20 bar (410 — 220psia) - Integrated flow inhibitor to block re-entry gasses 
. lane Pressure E 1 2.4 = 8.5 bar (1 80— 124 psia) a Patent pending nozzle brace 2 Hot shock capable 
Mic ccu uic m ——————ÉÓems 7:1 - Designed for reusability 
e Flow Rate............... 284.4 —195.0 g/sec (0.627 — 0.43 Ibm/sec) Parformanee 
* Mini Electrical Pul HOU maanosaa ec 4 N 
selg TTA SECHS - Vac Specific Impulse (MR-104J)......223 — 215 sec (Ibf-sec/lbm) 
PO o ————— eg «Total Impulse(MR-014G).........912,000 N-sec (205,000 Ibf-sec) 
e Max Valve Heater Power... 6 Watts @ 37 Vdc - Total Pulses(MR-104G) 6.600 
s Metta Bad BSS ENN acWiansee dde = TOS PUSS ING) mummumsa ta naan aani oi : 
a an SA s = W @ ` e Steady State Firing (MR-104D)...........2,011 sec — Single Firing 
s Max Valve Pl uc 56 Watts/coil@ 28 Vdc 2:554 cec Cumulative 
e Weight («30 T) iussis ERRARE dies 6.44 kg (14.2bm) TTT ” 
MO meneen 1.00 kg (2.2 bm) Status 
* Qualified; First Flight 2019 
"Note thrust levels up to 200ibf and down to 45 Ibf have been * Currently in Production 
demonstrated. 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


MR-80B 3,100N (700 Ibf) Throttling Rocket 
Engine Assembly = TE 


ROCKETDYNE 


561.848 mm 
| 224127 | 


196.113 mm 
7.72" 
Design Characteristics 
E GE Tu OP Hydrazine Performance 
"NN S-405 e Specific Impulse......................... 225 - 200 sec (Ibf-sec/Ibm) 
* Thrust/Steady State.................. ...9603 - 31 N (810 - 7 Ibf) 
* Thrust step response...................... 80 msec for 9096 step | Dev.#3R | Qual — | 


* Chamber Pressure........... ... 19.44 — 0.14 bar (282 - 2 psia) 308.4 kg 


* Expansion AO P Geust maistui 27.2:1 


| Dev | Deva ES 
* Feed Press Bos 47. 2 bar (685 psia) | Stats [e 18 tt 
( YA ) 


e = = 
M ETT. 
GIE avitating Throttle - = 
s Vae eege 8 Watts Max @ 28 Vde & 200 | Longest Single Firing 
* Valve Heater Power....... 9.45 Watts Max @ 30 Vdc & 21°C Status 
* Cat. Bed Heater Pwr........ 6.3 Watts Max O 30 Vdc & 21*C * Flight p 
ig roven 
EIE Et tk ente ek kane kane A 168 kg (18.76 lbm 
a | 4 ) * Currently in Production 
ENE Lue o aa 92 kg (15.26 lom) 
* Valve... 1.59 kg (3.50 Ibm) Reference 


* 2007-AIAA-5481 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


MRM-106F 40N (9.0-Ibf) Rocket Engine Module AEROJETA 


ROCKETDYNE 


nw PIN B8010:308 o> 
mw 9-Engine-REM — — 


7 L... MOUNTING. 7... 

3 ` FLANGE J 
Design Characteristics Performance 
e Propellant...................... Monopropellant Hydrazine e Specific Impulse. cria 231 sec (Ibf-sec/lbm) 
o Dalla km bene doub ita LCH-207/202 * Total Impulse................. 136,000 N-sec (30,618 Ibf-sec) 
+ Thrust/Steady State (per rocket)............ 40N (9.0 Ibf) e Total Pulses 0c nanain 1,570 
e Chamber Pressure... 16 bar (237 psia) « Minimum Impulse Bit...2.62 N-sec @ 31 bar & 20 ms ON 
e Expansion Hadlo ansa DIT —— — sesa (.0.59 Ibf-sec (0450 psia & 60 ms ON) 
+ Flow Rate...................... 17.7 g/sec (0.039 lbm/sec) * Steady State Firing................... 1,000 sec Single Firing 
AVATA e Single Seat, Non-sliding E — — ^ eeeeeeeRHHHHRRÓRHM A 2,991 sec - Cumulative 
e Valve Power...20.1 Watts Nominal @ 28 Vdc & 21°C Status 
EE <2.23 kg (4.9 Ibm) per REM * Flight Proven 
* No Catalyst Bed Heaters or Valve Heaters * Currently in Production 
* 22 Pin Electrical Connector 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


MRM- 122 130N (30-Ibf) Rocket Engine Module AEROJETA 


ROCKETDYNE 


1.57 mm (2.25) DIA.—ja—).... 


== PN BO110 ^ 
3 Engine REM 
pe OE EEA A — 
—-P/N-30700 mf v N m fa 
TS Engine REM ` EE p 
(Commercial TITAN) | 
i MOUNTING! 
INTERFACE 
Design Characteristics Performance 
diui cape Hydrazine e Specific Impulse... ................. 228 — 217 sec (Ibf-sec/lbm) 
EU I pc ————————d—— — Á— LCH * Total Impulse..................... 332,000N-sec (74715 Ibf-sec) 
e Thrust/Steady/ State...................... 142 — 51N (32-11.5 Ibf) + Total GUISES ————— 7,005 
e Feed Pressure................... 29.6-6.9 bar (430 — 100 psia) * Minimum impulse Bit........ 1.20 N-sec (29.3 bar & 20ms ON 
e Chamber Pressure................... 5.4 — 2.0 bar (79-29psia) .— ..........esses (0.27 Ibf-sec @135 psia & 20 ms ON) 
Expansion Ratio........................20.7:1 (Axial), 21.5:1 (Roll) e Steady State Firing..................... 2,137 sec - Single Firing 
e Flow rate................ 63.5 — 24.0g/sec(0.14 — 0.053 Ibm/sec) ^— | .  .....eeeeseemImRRRRIRI 2,684 sec- Cumulative 
E CO Tr Single seat Status 
e Valve Power....................... 43 Watts Max @ 32 Vdc & 4°C + Flight Proven 
* No Catalyst Bed Heaters or Valve Heaters * Currently in Production 
* 19Pin Electrical Connectors on REM 
* Mass...... Axial: 0.66kg (1.46 Ibm) / Lateral: 0.76kg (1.68lbm) 


Engine...Axial: 0.54 kg (1.20 Imb) / Lateral: 0.64 kg (1,42 Ibm) 
Valve.....Axial: 0.12 kg (0.26 Ibm) / Lateral: 0.26 kg (0.26 Imb) 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


Bipropellant Propulsion 


AEROJE TÄ 
ROCKET DYNE 


AR has delivered >2,500 bipropellant engines AEROJET 


ROCKE TDYNE 


HiPAT™ Dual HiPAT™ — R-4D 
Mode 100 Ibf 100 Ibf 110 Ibf 


| R-1E 25 lbf 
Shuttle Vernier 


25 lbf 


AJ10-190 
Bipropellant rocket engines range 6,000 Ibf 
from 5 Ibf to 6000 Ibf 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


AJ10-220 62.3 N (14.0 Ibf) Reaction Control Thruster 


Design Characteristics 


Etgen, co KA ke EE A MMH/NTO (MON-3) 
Nominal Thrust (steady state) ................. 62.3 N (14.0 Ibf) 
Thrust Range (steady state)*......... 59.2-65.4 N (13.3-14.7 Ibf) 
Chamber Pressure", 6.89 bar (100 psia) 
Inlet Pressure", 15.2 bar (220 psia) 
Inlet Pressure Range ........... 25.5 — 9.99 bar (370 — 145 psia) 
Valve, Power ........................ Moog, 38 W O 28 VDC 
Expansion Ratio. e sssusa e KEKE KA KESKEN EK eed 75:1 
Nominal Flow Rate .................... 22.3 g/s (0.049 Ibm/s) 
Nominal Mixture Ratio (OI)... 1.65 
Mixture Ratio Range (Op), 1.50 -1.80 
MASS oris oki kn te ben ke ke KEEN ETTÄ 1.95 kg (4.3 Ibm) 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


AEROJE TÄ 
ROCKET DYNE 


Performance 


* Specific Impulse @ 220 psia, 70°F and MR=1.65.................. 
ege 285 s (Steady firing) / 268 s (Pulse Mode) 


* Total Impulse Qualified ............. 685,000 N-s (154,000 Ibf-s) 
e Minimum Impulse Bit.............. 0.898 N-s (0.202 Ibf-s) 
* Demonstrated Steady State Firing Duration .......... 300 s 
* Total Number of Pulses Qualified ............ 65,000- starts 
Status 

* Flight Proven 

* Currently in Production 

Dimensional Envelope 

* 19.0 cm (7.5 in) long, 7.30 cm (2.9 in) diameter 
References 


e 1993-AIAA-2218 
* Standard Inlet Conditions 


R-1E 110N (25 Ibf) Bipropellant Rocket Engine 


D 


esign Characteristics 

Propellant. xis) ss sas kana ayen MMH/NTO(MON-3) 
Thrust/Steady State ..................... 111 N (25 lbf) 
Inlet Pressure Range........ 27.6-6.9 bar (400-100 psia) 
Chamber Pressure*.................. 7.3 bar (106 psia) 
Expansion Ratio... . 100:1 
Flowralg" cscs seg kwa KKI 40.4 g/sec (0.089 Ibm/sec) 
Valve............. Aerojet Solenoid, Single Coil, Single Seat 
Valve Power... 36 Watts @ 28 Vdc 
MÄSS a cies Bose SRS Par e Dade 2 kg (4.4 lom) 


11411 139th Place NE + Redmond, WA 98052 


(425) 885- 


5000 FAX (425) 882-5747 


AEROJE TÄ 
ROCKET DYNE 


Dimensions are in inches 


Performance 

e Specific Impulse*.............. 280 sec (Ibf-sec/Ibm) 
* Total Impulse. ....11,120,000 N-sec (2,500,000 Ibf-sec) 
e Total Pulses ........................... 330,000 
* Minimum Impulse Bit......... 0.89 N-sec (0.2 Ibf-sec) 
* Steady State Firing (sec). ............. No Limitations 
Status 

* Flight Proven 

* Currently in Production 

Reference 

* AIAA - 1990 - 1837 * At rated thrust 


R-4D-11 490 N (110 Ibf) Bipropellant Rocket Engine 


AEROJE TÄ 
ROCKET DYNE 


DIMENSIONS ARE IN INCHES 


Design Characteristics Performance 
e Propellant ......... oloon. MMH/NTO (MON-3) * Specific Impulse @ 70°F and MR = 1.65 ....... e verre re nanna 
* Nominal Thrust (steady state)........... 490 N (110 Ibf) «<<< 1641 = 311 sec (Ibi-sec/lbm) 
- Thrust Range (steady state) ...... 378511 N(85-115lbf) tenn enn menn seek eee nn 300:1 = 315.5 sec (Ibf-sec/lbm) 
 ChamberPressure'..................745 bar (108 psia) * Total Impulse Demonstrated...... 20,016,000 N-sec (4,500,000 Ibf-sec) 
e Minimum Impulse Bit.................. lus. 15.6 N-sec (3.5 Ibf-sec) 

e |nletPressure* .......... ......... >14 bar (2205 psia) W i 

SA " dd Mo eee * Demonstrated Steady State Firing Duration............. .. 12,000 s 
e TELS — sia 

kdk a dik Mi | ar ( | psia) * Total Number of Pulses Qualified ................... 31,950 starts+ 
WEE C-103/Ti 300:1 = 85 thermal cycles+ 
+ Expansion Ratio ........... «onn rer wo 16471,3001 ar assa? C-103 164:1 = 245 thermal cycles+ 
e Nominal Mixture Ratio (OP)... 1.65 Status 

; . vi Flight Proven 

e Mixture Ratio Range (O/F).................. 1.17-2.13 . Currently in Production 


Mass .....164:1 = 3.76 kg (8.3 Ibm), 300:1 = 4.31 kg (9.5 Ibm) 


References 
e AIAA-2004-3694, AIAA-1980-1294, AIAA-1979-1331 


+ Performed on different engines. 
11411 139th Place NE * Redmond, WA 98052 * At nominal thrust 


(425) 885-5000 FAX (425) 882-5747 


R-4D-15 HiPAT™ 445 N (100 Ibf) High Performance 
Rocket Engine 


Design Characteristics 


Propellant... EE cea ea aed ad MMH/NTO (MON-3) 
Nominal Thrust (steady state)...............445 N (100 Ibf) 
Thrust Range (steady state)....... 378 — 511 N (85-115 Ibf) 
Chamber Pressure"................e.e. 9.44 bar (137 psia) 
Inlet Pressure? ..............o..o... . >14 bar (>205 psia) 
Inlet Pressure Range ....... 27.6 - 6.9 bar (400 — 100 psia) 
Valve ......... Aerojet Rocketdyne, Dual Coil, Single Seat 
Expansion Ratio sce ose kata ked se, såå 300:1 or 375:1 
Nominal Mixture Ratio (OI)... 1.65 
Mixture Ratio Range (Or), 1.50 -1.80 


Mass..... 300:1, 5.2 kg (11.5 Ibm) / 375:1, 5.44 kg (12.0 Ibm) 


“ At nominal Thrust 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


AEROJE TÄ 
ROCKET DYNE 


‘DIMENSIONS ARE IN INCHES 


300:1=2225 | | : 1 
375:1 = 26.1 : | 


Performance 
e 375:1 Specific Impulse @ 70°F and MR = 1.65.......... 
rta ssä EC 320.6 s (typical for 60 s run 


) 
Seats Gece PES E 322.2 s (typical for 1200+ s run) 
* Total Impulse Qualified...... 13,019,945 N-s (2,927,000 Ibf-s) 


e Minimum Impulse Bit.............. Ls. 35.6 N-s (8 Ibf-s) 
e Demonstrated Steady State Firing Duration ......... 7,200 sec 
e Total Number of Pulses Qualified ...................391 starts 


EE 85+ thermal cycles 
Status 
* Flight Proven 
* Currently in Production 
References 


e AIAA-2001-3253, AIAA-2000-3161 


R-4D-15 HiPAT™ 445 N (100 Ibf) Dual Mode High 
Performance Rocket Engine ZAEROJET A 


DIMENSIONS ARE IN INCHES 


300:1 = 12.8 
375:1 = 14.25 
2.47 
300:1 = 22.2 | 
8751 - 261. 
Design Characteristics Performance 
diio: ge TT TET ETT Hydrazine/NTO (MON-3) * Specific Impulse @ 70°F and MR = 1.0................ 
e Nominal Thrust (steady state) ...... .... ..... 445 N (100 lbf) ` desto EROR 300:1= 326 sec, 375:1 = 329 sec 
* Thrust Range (steady state).......... 329 — 556 N (70-125 Ibf) e Total Impulse Qualified. ................ e 
e Chamber Pressure"... 9.4 bar (137 psia) = semmosta > 9.55 X108 N-sec (2.15 X 106 Ibf-sec) 
* Inlet Pressure... >16.2 bar (235 psia) e Minimum Impulse Bit................. 35.6 N-s (8 Ibf-s) 
+ Inlet Pressure Range......... 21.4 — 15.2 bar (310 — 220 psia) * Demonstrated Steady State Firing Duration ....... 1,800 sec 
E NUUG Scanned anes Aerojet Rocketdyne, Dual Coil, Single Seat ME e eatin eee aay 6/2 SANS 
e Expansion Ratio ja ka ova saana RES rr or bea 300:10r375:1 TTT ene NEIMAN Es 
* Nominal Mixture Ratio OP... 1.0 Status 
; | * Qualified 
e Mixture Ratio Range (O/F).................... 0.70 — 1.33 * Currently in Production 
e Mass mon monn 300:1= 5.2 kq (1 1 .5 lbm), 375:1 = 5.44 kg (12.0 lbm) References 
-—nnn * At nominal Thrust 


* AIAA-2003-4775 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


R-42 890N (200 Ibf) Bipropellant Rocket Engine AEROJET Å 


ROCKETDYNE 


Dimensions are in inches 


Series Valve Configuration Shown 


Design Characteristics Performance 
e Propellant. ee eee MMH/NTO(MON-3) e Specific Impulse*.................. 305 sec (Ibf-sec/lbm) 
e Thrust/Steady State. «x wx rss hens ke akayè 890 N (200 Ibf) * Total Impulse ....... 24,271,000 N-sec (5,456,700 Ibf-sec) 
* Inlet Pressure Range TV 29.3-6.9 bar (425-1 00 psia) «Total Stalin eet 8 eg Sle nos Ska Rex Rs 150 
e ChamberPressure".................. . 7.1 bar (103 psia) = Minimum pues loss See Dee DPS60) 
© Expansion Ratio. «ode sais sam E e isi 160:1 Po SEN SEE Ia CUM AIVO coke tep ve kan SE EE 
e Steady State Firing (Single Firing)............. 3,940 sec 
© PIOWISIB so yia EX ERR . 300 g/sec (0.66 Ibm/sec) 
l : Status 
e Valve... ricas Aerojet Rocketdyne Single or Dual Seat i 
SEET EE Various < Fight Provan 
| | * Currently in Production 
eene (46 Watts @ 28 Vdc Typical for Single Seat) 
vik 4.53 kg (10.0 Ibm) Reference 
* AIAA - 1990 - 2055 *At nominal conditions 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


R-6F 22N (5lbf) Bipropellant Rocket Engine AEROJETA 


- 


ur | 
CSO T 


imensions in inc 


ROCKETDYNE 


Design Characteristics 


s. Propellant Aug ise Pigeons ee Ri eas MMH/NTO (MON-3) 
e Thrust/Steady State .......................... 22 N (5 Ibf) 
* Operating Thrust Range...... 13.3 to 27.8 N (3.0 to 6.25 Ibf) 
e Mixture Ratio/Steady State ................ ........ 1.61 
* Operating Mixture Ratio Range ................. 1.0 to 2.0 
¡EXPANSION Halle. uasa d Shake säkkiä behets be ki 150:1 
e Nominal Flow Rate ........ .... 7.44 g/sec (0.00164 lbm/sec) 
e Inlet Pressure........... . 6.9 to 20.79 bar (100 to 300 psia) 
e Valve........................Bipropellant duel seat solenoid 
with upstream latching feature 
e Valve Power... 11 watts @ 28 Vdc) 
JE a ee ee eee 0.965 kg (2.1 Ibm) 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


Performance 

e Specific Impulse .... ............... 305 Ibf-sec/Ibm 
* Total Impulse ....... . >89,700 N-sec (20,175 Ibf-sec) 
e Total BUÍSGS sa wa priè ea man SEA det 219,881 
* Minimum Impulse Bit........ 0.53 N-sec (0.12 Ibf-sec) 
e Steady State Firing . ........... 0.010 sec to Unlimited 
Status 


Ready for flight qualification 
Not in Production 


R-42DM 890N (200 Ibf) Dual Mode 
High Performance Rocket Engine 


Design Characteristics 


Propellant. «es ek ok res o EROR E ates Hydrazine/NTO(MON-3) 
Thrust/Steady State?...........ooooooooomooooo.. 890 N (200 Ibf) 
Inlet Pressure Range ............... . 31.0-5.5 bar (450-80 psia) 
Chamber Pressure". . 9.6 bar (140 psia) 
Expansion FROID siad o kind otè fè ere rr ers ei 200:1 
Oxidizer / Fuel Ratio... 0.8 — 1.30 (1.0 nominal) 
Flowrate*.................. eese 277 g/sec (0.61 lom/sec) 
bl  — — maner Aerojet Rocketdyne Single or Dual Seat 
Valve Power..... Various (45 Watts @ 28 Vdc Typical for Single Seat) 
Mass. with single seat valves 7.3 kg (16.0 Ibm) 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


AEROJET Í 
ROCKETDYNE 
381 mm 
(15.0 
5 mm pcr 
Performance 
e Specificlmpulse".......... ..... 327 sec (lbf-sec/lbm) 
* Total Impulse........ >20,000,000 N-sec (4,500,000 Ibf-sec) 
e Total StartS PERPETUO 
e Minimum Impulse Bit.............. 44.48 N-sec (10.0 Ibf-sec) 
* Steady State Firing Cumulative............. 6,400 sec 
* Steady State Firing (Single Firing)... ...... . 1,000 sec 
Status 


Ready for flight qualification 
Not in Production 


*At nominal conditions 


AMBR 556 N (125 Ibf) Dual Mode 
High Performance Rocket Engine 


Design Characteristics 

PTO PEST rr Hydrazine/NTO(MON-3) 
Nominal Thrust (steady state)........ 489 — 556 N (110 — 125 Ibf) 
Thrust Range (steady state).......... 325 — 645 N (73 — 145 Ibf) 
Chamber Pressure"...... ..... 10.3 — 11.7 bar (150 — 170 psia) 
Inlet Pressure", >14 bar (>205 psia) 
VANG uae ceed ee os Aerojet Rocketdyne, Dual Coil, Single Seat 
Expansion Malloy EE e 400:1 
Nominal Mixture Ratio (OI)... 1.0—1.3 
Mixture Ratio Range (Op). 0.62 — 1.96 
MASS ss STOA aries E eae eee 4.9 kg (10.8 Ibm) 


* At nominal Thrust 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


AEROJET Å 
ROCKETDYNE 
K 
Throat i 
L 14.6 [371] 
E > : 
1.3 [33] E % 
4 [10] 
2.5 [63] 
26 [660] 
Performance 
* Specific Impulse O 70°F and MR 2 1.0...... 329 sec (Ibf-sec/Ibm) 
* Totallmpulse.............. 5,792,919 N-sec (1,302,300 Ibf-sec) 
e Demonstrated Steady State Firing Duration ........... 2,700 sec 
* Total Number of Starts Demonstrated . ............ 88 total starts 
Status 


* Ready for final flight design/analysis, and qualification 
* Notin Production 

References 

e AIAA-2007-032, AIAA-2008-4844, AIAA-2010-6883 


R-40 3,870N (870 Ibf) Bipropellant Rocket Engine AEROJETA 


ROCKETDYNE 
| E mm (5.35") 


14.48 mm i / | | W E RE O a më Se mp 
(5.7) | 40.9 mm | | i | mii i 
de ! dun | rater i CI 
i i jä i (12.15") 
13.59 mm (5.35) 2. |... | | | 
814.40 mm (6.7) ` gou mm TS 
i i (35.2") === | 


Design Characteristics Performance 

+ Droen, MMH/NTO(MON-3) GER n 

- Thrust/Steady Stier... 3,870 N (870 loi) rd G aa n 
| (en 50,000 

e Inlet Pressure Range ............ 27.6 — 10.3 bar (400 - 150 psia) è Minimum Impulse pt... 111 N-sec (25.0 Ibf-sec) 

. = Mansa EE 9.9 bar (150 psia) + Steady State Firing Cumulative................ 23..000 sec 

. GEN cio LEE Mstan 22:1 Status 

EE 1,400 g/sec (3.07 lbm/sec) « Flight Proven 

VERO DEED E Aerojet Rocketdyne Single Seat - Notin Production; Requires component obsolescence update 

e Valve Power... 70 Watts @ 28 Vdc Reference 

* Mass kata keen RE RE 10.5 kg (23.0 Ibm) AIAA-1985-1222 . AJAA-1979-1144 « AIAA-1974-1109 

*At rated thrust e AIAA-1980-1131 + AIAA-1978-1006 * AIAA-1970-0618 

**Varies by configuration e AIAA-1980-1130 + AIAA-1975-1300 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


R-40B 4,000N (900 Ibf) Bipropellant Rocket Engine AEROJETA 


ROCKETDYNE 


(15.87) 
Design Characteristics Performance 

e Propellant. «sus sa ody MEN KISKE Pet MMH/NTO(MON-3) e Specific Impulse*.................. 293 sec (Ibf-sec/lbm) 
e Thrust/Steady State"..................... 4,000 N (900 Ibf) e Totallmpuise....... 92,073,600 N-sec (20,700,000 Ibf-sec) 
e Inlet Pressure Range........ 27.6 — 10.3 bar (400 - 150 psia) e Total PISOS ene ios Ra ERIS 50,000 
* ChamberPressure"................... 10.34 bar (150 psia) + Minimum Impulse Bit.......... . . 111 N-sec (25.0 Ibf-sec) 
© Expansion Ratio. ines vasen sä: AS ka a kn el 60:1 * Steady State Firing Cumulative. ...... ........ 23,000 sec 
e BowrdlB*. esos py eee Re A akat 1,400 g/sec (3.07 Ibm/sec) Status 

e Valve... shes dite markat Aerojet Rocketdyne Single Seat + Flight Proven 

e Valve Power muss kak EE kaa keeles 70 Watts O 28 Vdc * Not in Production; Requires component obsolescence update 


e EE 10.5 kg (23.0lbm) Reference 
*At rated thrust * |AF-1987-0283 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


AJ10-190 Space Shuttle OMS Rocket Engine AEROJETA 


ROCKETDYNE 


Design Characteristics Performance 
e Propelant.nynoaveuuesveseereenunve MMH/NTO(MON-3) * Specific Impulse* .................. 316 sec (Ibf-sec/lbm) 
e Thrust/Steady Gate"... N (6,000 Ibf) EEE 101 0 ik mannaa va Kanavan kn ko ea ke ne uv hé Ef? 
* Inlet Pressure Range ............... sese 16.6 bar (240 psia) = * Totallmpulse....1,440 MN sec (324,000,000 Ibf-sec) 
e Chamber Pressure"... bar (125 psia) * Total Starts isse 1,000 
* Expansion Ratio... 55:1 * Steady State Firing Cumulative............... 94,000 sec 
di: co occ — se: 8.61 kg/sec (19.0 Ibm/sec) Status 
* Valve......... Aerojet Rocketdyne Pneumatic Procured Solenoid Pilot * Flight Proven 
* Valve Power (all coils energized) .................. 125 Watts @ 28 Vdc M 
B HR 118kg (260 bm) Reference 
* Engine Length 77 in. / Engine Dia. 46 in. AAO Sone 

"At rated thrust 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


Chemical Propulsion Systems 


AEROJE TÄ 
ROCKET DYNE 


AR has delivered 250 flight propulsion systems AEROJET Å 


JA mp wi 


ill 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


THEMIS AEROJETA 


ROCKETDYNE 


* THEMIS: Time History of Events and Macroscale Interactions 
During Substorms 


e NASA MIDEX Mission, Launched February 17, 2007 
* Number of Systems: 5 
e Propellant Load: 109 Ibm (49.5 kg) Hydrazine 


e 400-50 psia (27.6-3.5 bar) Blowdown Operation with Single 
Repressurization Event from 1700 psia (117 Bar) Pressurant 
Subsystem 


e 4MR-111C 1-lbf (4.5 N) Thrusters 
e Used for Delta-V and Orbit Maintenance 


* Aerojet Designed and Integrated System on Customer- 
Supplied Structure 


* Reference: AIAA-2006-5217 (System Schematic) 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


STEREO AEROJET Å 


ROCKETDYNE 


KEY 
Le 
Filter 
Service 
Valve 
Cross-Over : 
Latch Valve ng 
D K Solenoid 
Valve 
|-|-——"Main" Latch Valves >| ® Pressure 
Transducer 
Dd Cavitating 
Venturi 
E [SI MR-111C 
Al A2 A3 A4 B1 B2 B3 B4 C1 C2 C3 C4 òs] 1.0 Ibf 
ZN 


(system schematic) 


STEREO: Solar-TErrestrial RElations Observatory 


320-110 psia (22.1-7.6 bar) Blowdown Operation 
NASA Earth-Sun Science Mission 


12 MR-111C 1.0-lbf (4 N) Thrusters 
Launched: October 26, 2006 Designed for Attitude Control and Course Correction 


Systems Delivered to JHU/APL: 2 Aerojet Rocketdyne Designed and Integrated System 
Propellant Load: 135 Ibm (61 kg) Hydrazine Each on Customer-Supplied Structure 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


New Horizons AEROJET Å 
ii ROCKET DYNE 


MR-111C 
b lran — 
g:n r [<] svi i d 
v» ' ' A bf Rocket 
| SI ius Rd Assy. 
n t Service Panel Pg e 
JON x 
7 SÉ On 
Eä (p) Pressure 
E I 
Ed Orifice 
E 
EA ES ed bid O T/CRES P 
L L T I I Transition Jointj 
* Mission to Pluto < DES PA ' ER, 
* Launched: January 19, 2006 Zee | | fe E 
* Systems Delivered to JHU/APL: 1 "sj: Legs! 
e Propellant Load:143 Ibm (65 kg) Hydrazine TAT | | po n 
* 420-75 psia (28.9-5.2 bar) Blowdown Operation ZELLE r-------- 
* 12 MR-103H 0.2-lbf (1N) Thrusters "do; EN 
* 4 MR-111C 1-Ibf (BN) Thrusters S" TD T EN? m 
* Designed for Attitude Control and Course Correction ek y | edd" s 
* Aerojet Designed and Integrated System on Customer- af [of H ca; 
Supplied Structure te LLLLLLLLLLLLLLLLLLL 
e Reference: IAC-2004-S.1.09 
Tx b 


(System Schematic) 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


BSAT-2 


* Systems Flown: 3 

* Propellant Load: 464 Ibm (210 kg) Hydrazine Total in 2 Tanks 

* 400-100 psia (27.5-6.9 bar) Blowdown Operation 

e 12 MR-103G 0.2-Ibf (1 N) Thrusters 

4 MR-501B Electrothermal Hydrazine Thrusters (EHTs) 
* Used for Orbit Raising and Attitude Control (GEO Spacecraft) 

* Aerojet Integrated System on Customer-Supplied Structure 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


svi HX ug age, 
TRANSITION 


FITTING (4X) 


TITANUIUM 
PROPELLANT 
TANK WITH 
PMD (2x) 


LATCHING 
ISOLATION 
VALVE (3X) 


0.2-LBF ROCKET ENGINE ASSEMBLIES (REA'S) 
(WITH DUAL SEAT CONTROL VALVES) 
(12x) 


AEROJE TÄ 
ROCKET DYNE 


[DRA se 
FILLZDRAIN 


VALVE (4X) 


0.075-LBF ELECTROTHERMAI 
HYDRAZINE THRUSTERS (EHT'S) 
(WITH DUAL SEAT VALVES) 
(4x) 


GPS IIF Modernization Program Propulsion 


H AEROJET Å 
System Design Summary KOJE 
MODULE 1 MODULE 2 
pd >< 
FILL/ DRAIN Hee N 
VALVE p 
PROPELLANT PROPELLANT 
TANK TANK 
| > A #1A PRESSURE #1B PRESSURE E. <A 
FILL/ DRAIN nim TRANSDUCER FILL / DRAIN 
VALVE = E VALVE 
32A PRESSURE #2B PRESSURE 
TRANSDUCER TRANSDUCER 
FUEL FILTER Å FI FUEL FILTER 
LATCH VALVE Y arcu VALVE 
Performance Parameters N A 
* Propellant Mass...118 — 145kg (260 — 320 Ibm) 
* Total Impulse...249,000 N-S (56,000 Ibf-sec) 
* Pressurant Mass... 1.8 kg (4lbm) AA po... ee mer | 
— 165 psia) | IIKKA: Whe K! Beko! Whee! 
| "AAA BI: :AAAW: :AAAW: I'AAAUS | 
+ Blowdown Ratio...4:1 1 AN DPI JN i 1 AN (fb) AN i 1 ` AN (‘lbf) /N : 1 AN(1lbf) /N i 
! THRUSTERS 22N (5 Ibf) 1 1  THRUSTERS 22N (5 Ibf) I 1 THRUSTERS 22N (5 Ibf) I 1 THRUSTERS 22N (5 Ibf) 1 
i THRUSTER! | THRUSTER! | THRUSTER! | THRUSTERI 
Reference ud "7" ee ied E | A 


e AIAA-1999-3469 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


EO-1 Propulsion System AEROJET Å 


ROCKETDYNE 


1N (0.2 Ibf) REA (MR103G) ce Aerojet Rocketdyne 


ruman vaa — |: [we — — 
[hae Moog — 
[Pressure ande [1 [Fam — — 
[me EN —— 


PRESSURANT 
SERVICE 
VALVE 


Performance Parameters 

e Propellant Mass...22.3 kg (49 Ibm) 

* Total Impulse (per REA)...46,000 N-sec (10,428 Ibf-sec) @ 21°C 
* Pressure BOL/EOL...18.8/ 5.2 bar (273/76 psia) @ 21°C 

* Blowdown Ratio...36:1 


PRESSURE 
TRANSDUCER 


Status : "Së 
* Flight Proven 2 Å) S V p d 
Reference y «Qa NEED T N 

* AIAA-2001-3637 NV Lë PN 
Component Description N Ske" > 

* See chart at top right a YO 


1N (0.2 Ibf), MR-103G THRUSTERS, 


2 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


MSTI-3 Propulsion Module AEROJETA 


ROCKETDYNE 


A 
8€ 1 N (0.2 Ibf) REA’s & 4 O 4N (1.0 Ibf) REA's 


(Propulsion Schematic) 


Performance Parameters 


e Propellant Mass................... 22 kg (49 Ibm) 

* Totallmpulse..........42,000 N-sec (9500 Ibf-sec) Tank 

e Pressure Mass.................0.22kg (0.49 Ibm) 

e Pressure BOL/EOL.... . .22.7/ 6.2 bar (329/90 psia) 1N (0.2 Ibf) REA (MR-103C) Aerojet Rocketdyne 

* Blowdown Ratio... rossa 3.7:1 
4N (1.0 Ibf) REA (MR-111 A Rock 

+ System Mass BOL/EOL...39.5/ 17.2 kg (87/38 Ibm) OD REA S gi oka De 


Status Fill/Drain Valve GN2 VACCO 
* Flight Proven VALCOR 


Component Description Dae ——] 


* Seechart at right 
VACCO 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


Comet Nucleus Tour (CONTOUR) AEROJET Å 


ROCKETDYNE 


MR-106E 
H 5 Ibf Rocket 
XA Nitrogen Service Engine Assy. 


Valve 1 


MR-103G 
0.2 Ibf Rocket 


O Engine Assy. 


SI Tank 1 Propellant 
ZN Service Valve Propellant 
Filter 

SI Tank 2 Propellant 
AN Service Valve Service 
Valve 
Latching 
Valve 
Solenoid 
Valve 
Pressure 
Transducer 
Temperature 
Sensor 

Flow Control 
Orifice 


a 
E 
X 
S 
O 
O 
= 


* Systems Flown: 1 D1 D2 D3 
* Propellant Load:165 bm (90 kg) Hydrazine 
* 350-125 psia (24.1-8.6 bar) Blowdown Operation 
e 14 MR-103G 0.2-Ibf (1 N) Thrusters 
2 MR-106E 5-lbf (22 N) Thrusters 
* Used for Attitude Control (Interplanetary Spacecraft) 
* Aerojet Integrated System on Customer-Supplied Structure 
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Coriolis 


* Systems Flown: 1 

e Propellant Load:200 Ibm (91 kg) Hydrazine 

e 400-75 psia (27.5-5.2 bar) Blowdown Operation 
e 4MR-111C 1-lbf (4 N) Thrusters 

* Used for Orbit Raising (LEO Spacecraft) 


* Aerojet Integrated System and Secondary Structure on 
Customer-Supplied Primary Structure 
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MR-111C 1.0 Ibf Rocket Engine Assemblies 


O) 
EJ 


H 
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Filter 


Service 
Valve 
Latching 
Valve 


Solenoid 
Valve 


Pressure 
Transducer 
Flow Control 
Orifice 


Cryofitting 


(Coriolis HPS Schematic) 


Green & CubeSat Propulsion Systems 


AEROJE A 
ROCKETDYNE 


Green Propulsion and CubeSat Propulsion AEROJET. 


ROCKE TDYNE 


MPS-130-1U MPS-135-6U 
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Modular Propulsion Systems AEROJET Å 


ROCKETDYNE 


System Specifications 


Thrust Range 


-0.25 — 1.0 N 
(per thruster) 


Green (AF-M315E) | MPS-130-1U  MPS-130-2U  MPS-135-4U  MPS-135-6U MPS-135-8U 


System Impulse* (N:s) 21,130 22,720 27,290 213,740 219,360 


System Dry Mass (kg) 14 14 3.5 43 5.1 


System Wet Mass (kg) | 1.7 2.8 72 11.2 14.7 


Hydrazine MPS-120-1U MPS-120-2U MPS-125-4U MPS-125-6U | MPS-125-8U 
System Impulse* (N-s) >810 >1,960 >5,240 >9,890 >13,930 
System Dry Mass (kg) 1.5 3.6 4.4 5.1 


System Wet Mass (kg) 


*System impulse based on steady state firing operation. Actual total impulse will vary based on operational duty cycles. 


ANEROJE TÄ Performance Data 
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Piston Tank Systems i Pump Tank Systems 
400 


1400 


8U - AF-M315E 

— — 8U-N2H4 

6U - AF-M315E 

- = 6U-N2H4 

4U - AF-M315E 
N2H4 


— 2U - AF-M315E 


1,200 
-— = 2U-N2H4 


1,000 —1U ` AF-M315E 


CubeSat Modular Propulsion Systems 


- = 1U-N2H4 


e High reliability, high delta-V propulsion for CubeSats and SmallSats 
e Orbit maintenance, station keeping, and reaction control 
e High density non-toxic green propellant and traditional hydrazine 


Modular Propulsion System AV (m/sec) 
Modular Propulsion System Av (m/sec) 
8 


3 5 7 9 1 DB 15 y B 20 30 40 50 60 70 80 90 100 
Total S/C Wet Mass (kg) Total S/C Wet Mass (kg) 
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MPS Configuration Identifier 


Innovative Propulsion Solutions for CubeSats and SmallSats 


* High reliability, high delta-V propulsion for CubeSats and SmallSats 
* Orbit maintenance, station keeping, and reaction control 
* High density non-toxic green propellant and traditional hydrazine 


MPS - 135 -6U 

Size of Propulsion System 

1U = ~10 x 10 x 10 cm volume 

2U = ~10 x 10 x 20 cm volume 

4U = -22 x 20 x 10 cm volume 

6U = ~22 x 20 x 16 cm volume 

8U = ~22 x 20 x 22 cm volume 

(U Designations for CubeSat systems only) 


Model Number Designator 
0 = Piston fed with condensable pressurant 
5 = Pump fed with PMD tanks 


Propellant Type 

1 = Cold gas 

2 = Hydrazine (most requested) 

3 = ‘Green’ AF-M315E (most requested) 
4 — Electric Propulsion 


System Size Class 
1 = CubeSat systems (most requested) 


2 = SmallSat systems 
3 = ESPA Ring systems 


System Class 
MPS = Modular Propulsion System 
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CubeSat Modular Propulsion System Configurations 
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Models 


MPS-130-1U 
MPS-120-1U 


MPS-130-2U 
MPS-120-2U 


MPS-135-4U 
MPS-125-4U 


MPS-135-6U 
MPS-125-6U 


MPS-135-8U 
MPS-125-8U 


Electric Propulsion 
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AR has delivered over 550 electric propulsion devices AEROJETA 


ROCKETDYNE 
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MR-502A Improved Electrothermal Hydrazine 
Thruster(IMPEHT) = > 


32 mm (1.250”) 


P/N 32135-301 
ICD 32134 Er 


/ 
6 
N 


Design Characteristics Performance 

ei EE Hydrazine Mission Specific Impulse * 

CLAY sé bi ki oo ik € Á———— S405 Steady-State Blowdown............ 303 — 294 sec (Ibf-sec/Ibm) 
Thrust/Steady State...............0.80 — 0.36N (0.18 — 0.08 Ibf) Total Impulse................... 524,864 N-sec (118,000 Ibf-sec) 
Feed Freseure, nsss 26.5-6.2 bar (285 — 90 psia) Total Pulses................... MR-502A not designed for pulsing 
Flow Rate..................... 0.28-0.12 g/sec (0.00026 lbm/sec) Steady State Firing...2 hrs Single Firing / 370 hrs Cumulative 
prc EEE EE Dual Seat 

Valve Power.................. 8.25 Watts Max @ 28 Vdc& 21°C Status 

Valve Heater Power......... 1.54 Watts Max @ 28 Vdc& 21°C Flight Proven 

Cat. Bed Heater Pwr........ 3.93 Watts Max @ 28 Vdc& 21°C In Production 

Augmentation Heater Pwr........................ 885 — 610 Watts 

Augmentation Htr Voltage................... 29.5 — Vdc Letdown Reference 

MSS m NN EE ea inete 0.87 kg (1.92 Ibm) A1AA-1987-0996 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


MR-502 & MR-502A IMPHET Power Conditioning Unit AEROJET Å 


ROCKETDYNE 


Design Characteristics Demonstrated Performance 


dE oreo ae Hr 2k 
= g * Limits inrush current to the 30 Amps during augmentation 


e Envelope vae uice assa 27.94 x 9.42 x 14.61 cm heater warm-up 

"APR Voltaan e ae anoo assa ae 192299 VOD * Twoidentical independent channels that can be operated 

e Inrush GUMBN = aars vas e Peres 32 Amp Max either redundantly or simultaneously 

A 3 33 09:3 902/14 02 6E a CIRC >97% * When used simultaneously, the IMPEHT pair should be 
started one after the other 

Interface 

e Enable/Disable Command. ..... Latch Relay Drive Status 

e On/Off Command............. OV — Off, 14V — On 


* Flight Proven 


e Not currently in production 
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MR-509 Low Power Arcjet System AEROJETA 


ROCKETDYNE 


Design Characteristics Demonstrated Performance 
* Propellant:...High Purity Grade Hydrazine per MIL-PRF 26536G * At 1670 W input to the arcjet (1780 W input to the PCU), and 
* Feed Pressure (nominal)......... 18.6 — 13.8 bar (270 — 200 psia) 18.6 to 13.8 bar (270 to 200 psia) feed pressure blow down 
JE EEE Ci, e Total mpulse nn 866,500 Ns (194,500 Ibf s) 
* Arcjet thruster + 2000 mm (70”) cable ......... 1.4 kg (3.0 Ibm) TUNER 254 — 213 mN (57 — 47 mlbf) 
WE. Uic PETENS 6.2 kg (13.7 Ibm) e Specific impulse..................... eese > 502 s 
EN Ee * Firing time during lifetime demonstration test: 
© AUC Bl seg kaks 240 x 125 x 90 mm? (9.3 x 4.9 x 3.6 inch?) * Duty cycle 1 hon, > 30 min off................... > 1050 cycles 
& POU es 310 x 220 x 95 mm3 (12.2 x 8.7 x 3.7 inch3) * Number ol SiS. cui kk a ide kb »1170 
E A ninae dual seat, electrically actuated * Longest demonstrated hum... 65h 
e Valve power (standard)... 8.2 W @ 28 VDC 
e PCU input power per arclet reee 1780 W 
e BOU input vol. crac 65 - 96 VDC Status 
e PCU efficiency, EVO masu katoa makaaminen ed >91% * Flight proven, no longer in production 
* Power cable PCU — arcjet........................ < 2000 mm (79 inch) 
* Currently available... 1575 mm (62 inch) References 
e AIAA-1998-3631 
* |EPC-1997-081 * Power Conditioning Unit (PN 1000) 


* Cable Assembly (PN 31168) 


* Arcjet Thruster (PN 32240) 
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MR-510 Arcjet Thruster and Cable Assembly 


Design Characteristics 


Propellant:...High Purity Grade Hydrazine per MIL-PRF 26536G 
Feed Pressure (nominal)......... 18.6 — 13.8 bar (270 — 200 psia) 
Mass: 

* Arcjet thruster + 3175 mm (125”) cable ...... 1.6 kg (3.5 Ibm) 
Envelope 


e Arcjet.................. 240 x 123 x 87 mm? (9.3 x 4.9 x 3.4 inch?) 
e NANG! EE dual seat, electrically actuated 
e Valve power (standard)... 8.2W @ 28 VDC 
* Power cable PCU - arcjet..................... « 5590 mm (220 inch) 
Status 


Flight proven 
Recent production 
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^ 4.9" ` 
= 

` ai + N = | 

j | ef Oe y 67 mm 
e © ør 
Se Ko d. H 
f t ad 
20 mm, 0.8" 
240 mm À 
9.3 4.9" 


Demonstrated Performance 
At 2000 W input to the arcjet (2200 W input to the PCU), and 18.6 to 
13.8 bar (270 to 200 psia) feed pressure blow down 


e Total impulse............................ 1,450,000 Ns (326,000 Ibf s) 
E TITUS 258 — 222 MN (58 — 50 mlbf) 
e Specific mpulse esses 585-615s 
* Firing time during lifetime demonstration test: 
* Duty cycle 1 hon, > 30 min off..................... > 1730 cycles 
e Number Of SANG ctore oor koken ai eh 21960 
* Demonstrated on-time duty CyclesS:..................... 4 min to 20 h 
References 


AIAA-1998-3630, AIAA-1999-2272, AIAA-2001-3901, 
AIAA-2009-5364, IEPC-1997-082, esa SP2014-2966753, 
IEPC-2017-305 


MR-512 Low Power Bus Arcjet System 


Design Characteristics 


Propellant:...High Purity Grade Hydrazine per MIL-PRF 26536G 


Feed Pressure (nominal)......... 17.6 — 13.8 bar (250 — 200 psia) 
Mass: 

* Arcjet thruster + 2000 mm (70”) cable ......... 1.4 kg (3.0 Ibm) 
© PULL oras 6.2 kg (13.7 Ibm) 
Envelope 

e Arcjet.................. 240 x 125 x 90 mm? (9.3 x 4.9 x 3.6 inch?) 
e “POU sinsè 310 x 220 x 95 mm3 (12.2 x 8.7 x 3.7 inch3) 
Drug Lende faks kässä dual seat, electrically actuated 
Valve power (standard)... 8.2 W @ 28 VDC 
PCU input power per arclet sse 1780 W 
POU input voltage............. een 33 — 51.5 VDC 
PCU efficiency, AVI iria >91% 
Power cable PCU - arcjet..................... < 2000 mm (79 inch) 
Currently available... 1575 mm (62 inch) 
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Power Conditioning 
bene WI 
ICD ED 1086 

| Arcjet Thrusters 
“1CD 33312 


— Cable 
ICD 33311 
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(5.43”) MAX. 
33 mm (1.30") 


Demonstrated Performance 
At 1670 W input to the arcjet (1780 W input to the PCU), and 
270 to 200 psia feed pressure blow down 


e Totalimpulse ...................... 866,500 Ns (194,500 Ibf s) 
giis Ian aa TRUE 254 — 213 mN (57 — 47 mlbf) 
e Specific impulse | isset nnne SEENEN ERR ne > 502 s 
* Firing time during lifetime demonstration test: 
* Duty cycle 1 h on, > 30 min off ............ > 1050 cycles 
e Number of starte... >1170 
e Longest demonstrated bum- ee rna 65h 


Status 


* Flight proven, no longer in production 


References 


e AIAA-1998-3631 
* IEPC-1997-081 


PRS-101 Pulsed Plasma Thruster System AEROJETA 


NA sd 


Design Characteristics 


e Propellant.................... Teflon® (Solid Bar) 
e Max Thrust Levelt ........... 1.24 mN @ 100 Watts 
e Power Level, 


IEEE nm Up to 100 Watts O 28 vdc Unregulated 


* Compact Solid State Propulsion System 


* Ultra Low Minimum Impulse Bit for Precision Control 


* Enables All-thruster ACS (No Momentum Wheels) 


e Mass (w/o propellant) .................... 4.74 kg 


* Includes Integral Power Processing Electronics 


e Power Efficiency ...............o.ooooooo.. >80% 
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aki EO-1 Configuration ` 


ROCKET DYNE 


i [erste tante 28:7 cm (11.9 enn rii] i 


TE 


PIN 1071-1... 


(4) high 
Performance 
e Specific Impulse.................. Up to 1350 sec 
* Thrustto Power RatiO............... 12.4 uN/Watt 
* Demonstrated Capability. ....... 3,000 N-sec/thruster 
* Predicted Capability (backed by selective testing) .... 
ANNE YE YE SIN a eee ee 15,600 N-sec/system (thruster pair) 
Status 


* Flight Proven; no longer in production 
Reference 

e AIAA-2003-5016 e AIAA-2001-3637 
e AIAA-2002-3973 e AIAA-1999-3376 


XR-5 Hall Thruster AEROJET Å 


ROCKETDYNE 


58cm ` 


Design Characteristics Performance 20kW 3.0kW 45kW 
e Pmopelbant sse dore RR REED eee Xenon * Thrust (300 Volts)........ 132 mN 195mN 290 mN 
* Mass (Thruster & Cathode)............ <12.3 kg * Thrust(400 Volts)........ 117 mN 170mN 254 mN 
e Envelope.................000. 14 x 25 x 28 cm * Specific Impulse (300 V) 1676 sec 1700 sec 1790 sec 
e Input Power... 1000 to 4500 Watt * Specific Impulse (400 V) 1858 sec 1920 sec 2020 sec 
* Input Voltage .................. 200 or 400 Volt e Life Capability .................... Mission Dependent 
Status e Total Impulse... se rmm Mission Dependent 
* Qualification Complete; 24 Thrusters Flown e On/Off OVO] S Skans kae eg ac a egenis atico 7,316 Cycles 
* First flight system launched in 2010 Status 
* Six spacecraft currently flying (4 thrusters per S/C) * Flight Proven, In Production 

Reference 


* AIAA-2010-6698 
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NEXT 6.9 kW lon Propulsion System AEROJET Å 


Design Characteristics 


m Propellant............ooooocccoccccnccccnconicccnnnnonono Xenon 
m Thruster Mass. <13.3 kg 
m Thruster Envelope Dimensions....... 58 dia. x 44 cm 

Active optics area eee 36 cm dia. 
m Thruster Input Power ................. 600 to 6900 Watt 
m Propellant Management System Mass 

High Pressure Assembly................... «22 kg 

Low Pressure Assembly.................... « 4.1 kg 
m PMS Volume ................... eem «11,775 c.c. 


PMS does not require plenum tanks 
m DCIU interface with Power Processing........ RS-485 
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Propellant Management System 
High pressure assembly (below) 
Low pressure assembly (left) 


Performance 

e Nell WEE 235 MN 
e Specific IMpulse..............o.ococonococcccnnnnonononoso >4100 sec 
* Efficiency @ full power... >70% 
e Propellant Throughpüut ....ue eese ana kota navan >270 kg 
e OE ini Poems dna »3650 cycles 
* End of Life Xenon Residuals ......................... < 1% BOL 
Status 


* Qualified and in Production; First Flight DART mission 
Reference 

+ AIAA-2005-3885 

e AIAA-2004-4111 


Electric Propulsion Power Electronics 
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Electric Propulsion Power Electronics AEROJET Å 
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MR-510 Arcjet Power Conditioning Unit (PCU), 70 


VDC Input 
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Design Characteristics 


3 independent power converters, 2 of which can be operated 
simultaneously 
Output can be switched between four different arcjets 
Redundant control circuitry and auxiliary power supplies 
Serial telemetry format; for other formats, contact Aerojet 
Rocketdyne 
Includes "Bubble Protection Mode” to mitigate gas induced 
shutdowns 
Calculated reliability for 15 years of GEO COMSAT use 
>0.99994 
Telemetry signals provided by the PCU: 

* Arc voltage and current 

* PCU status flags 
MASS ös na pa sän wotè ale di dk eg dela kn ok pab 15.8 kg (34.8 Ibm) 
Envelope...... 635 x 360 x 110 mm? (24.9 x 14.2 x 4.3 inch?) 


11411 139th Place NE * Redmond, WA 98052 
(425) 885-5000 FAX (425) 882-5747 


gn Characteristics Continued) 


Efficiency Scr e zi ae ok a bu ers rr ages > 9196 
* Heat rejection (two arcjets at 2040 W), to be dissipated by the 
spacecraft thermal management system.......... «410 W @ 23°C 


* Selectable output power levels for each converter 
1530 W, 1700 W, 1870 W, 2040 W 
* Input power when operating two converters at 2040 W....4430 W 


Status 


* Flight Proven; Recent Production 


References 


e AIAA-1998-3630, AIAA-1999-2272, AIAA-2001-3901, 
AIAA-2009-5364, IEPC-1997-082, esa SP2014-2966753 


* Power Conditioning Unit (PN 1037) 


MR-510 Arcjet System Power Conditioning Unit 


(PCU), 100 VDC Input 
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Design Characteristics 


* 3 independent power converters, 2 of which can be operated 
simultaneously 
* Output can be switched between four different arcjets 
* Redundant control circuitry and auxiliary power supplies 
* Serial telemetry format; for other formats, contact Aerojet 
Rocketdyne 
* |ncludes "Bubble Protection Mode" to mitigate gas induced 
shutdowns 
* Calculated reliability for 15 years of GEO COMSAT use 
>0.99994 
* Telemetry signals provided by the PCU: 
* Arc voltage and current 
* PCU status flags 
EE EE 19.1 kg (42.1 Ibm) 
* Envelope........ 630 x 375 x 130 mm? (24.8 x 14.8 x 5.1 inch?) 
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(Design Characteristics Continued) 


EMICIONOY ss ka säätä e ko e aa a n e Seay m a paksu > 87% 
Heat rejection (two arcjets operating at 2040 W) to be dissipated 
by the spacecraft thermal management system.............. <470 W 


Selectable output power levels for each converter... w 
"—————— aye 1530 W, 1700 W, 1870 W, 2040 w 
Input power when operating two converters at 2040 W....4550 W 


Status 


Flight Proven; Recent Production 


References 


AIAA-1998-3630, AIAA-1999-2272, AIAA-2001-3901, 
AIAA-2009-5364, IEPC-1997-082, esa SP2014-2966753 


* Power Conditioning Unit (PN 41540) 


MR-510 Arcjet System Relay Box AEROJETA 


ROCKETDYNE 


Design Characteristics 

* Allows expansion of the MR-510 arcjet system from 1 PCU 
and 4 arcjets to 1 PCU and 6 (1 relay box) or 8 (2 relay boxes) 
arcjets 

* Connects two PCU arcjet outputs to two each arcjets 

* Calculated reliability for 15 years of GEO COMSAT use 


>0.99994 Status 
* Telemetry signals provided by the PCU: * Flight Proven; Recent Production 
* Verification of relay position 
* Temperatures internal to the relay box References 
© MASS Guissiere area agere MAN REDE ARR HERES 2.2 kg (4.8 Ibm) ETE 


* AIAA-1999-2272, AIAA-2001-3901, AIAA-2009-5364, 


* Envelope......... 333 x 168 x 137 mm? (13.1 x 6.6 x 5.4 inch?) esa SP2014-2966753. IEPC-2017-305 


* Total cable length PCU to relay box to arcjet: 
—€———— MÀ not to exceed 5590 mm (220 inch) 
* Currently, two PCU to relay box power cable lengths are 
avallabl&...: saavasta 22 2243 1070 & 1625 mm (42 & 65 inch) 


e Relay Box (PN 41430) 
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XR-5 4.5 kW Hall Thruster Power Processor Unit AEROJET Å 
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9.93 cm 39.345 cm 
(3.91) (15.49) SES 


43.03 cm 
(16.94”) 


Design Characteristics Demonstrated Performance 

zo ERE 12.5 kg id Based Loop Control of Xenon Flow Controller and 
Discharge Current 

e Envelope.................. 43 x 40 x 11 cm * Holding Valve Drivers 

* Input Voltage ................. 70 +/- 2 VDC + S-Level, Radiation Hardened Components 

+ Efficiency (AVG) o bo roo >92% * Optimized for Manufacturability 

* MIL-STD-1553 Command & Telemetry Interface: * Only Four Circuit Cards 

e 30 Telemetry Channels Status 

e Commandable Power Settings: * Flight Proven; Recent Production 

e Discharge Power .............. 2.0- 4.5 kW Reference 

* Discharge Voltage.............. 150 - 400 V * AIAA-2005-3682 
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Aerojet Rocketdyne 
In-Space Propulsion 
Redmond, Washington 


CONTACT: Fred Wilson 
(425) 702-6823 (Office) 
(425) 503-4010 (Mobile) 
fred.wilson@rocket.com 
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